
 

When Dr OôBrien floated 
the idea of an Aviation 
based research centre, 
my reaction to the radical 
suggestion was why not.  
Iôm delighted to say that 
after meeting with the 
Maintenance, Repair and 
Overhaul establishment 
and getting support from 
the Boeing company, the 
idea worked.  So, it paid to 
think out of the box! The 
University quickly set up 
the ASRC with Dr. OôBrien 
as the Director of 
Operations and gave him 
some facilities in the IC 
and the promise of a large 
unit in the new X Block. 
This has all now come to 
fruition and the ASRC has 
established itself as a 
unique Boeing Centre 
focused on MRO. 
Enhancements in 
performance in this area 
will allow Asia in General 
and China in particular to 
grow its aviation fleets, 
confident that automated 
repair and innovative 
support will assure quality, 
timeliness and safety. I 
wholeheartedly  
congratulate the centre on 
its progress. 

This Summer period was an active one for the 

centre against a backdrop of unrest within Hong 

Kong society. In the ASRC we employed three 

new full time staffers with experience in CNC 

coding, machine set-up and CNC operation. 

We also added another Intern researcher to the 

staff to assist on the dynamic blade balancing 

project.  

Many organizations and institutes visited the 

centre and were impressed with the direction of 

growth and the activities on existing projects. In 

the Middle of September, staff from MTU, 

Zhuhai, the engine MRO company for China 

Southern Airlines visited for the whole day to 

learn more about the centre. Itôs our hope to 

continue to work with them in the future.  

Staff also visited HAECO and recorded volu-

metric images of lightning damage on compo-

site airframes after explaining some of the tech-

nologies to the CEO, Mr Augustus Tang. Hy-

perspectral images were also obtained. In July 

HAECO Xiamen visited and together with staff, 

explored many possible new projects. 

Staff paid a visit to the China Spallation Neutron 

Source in Dongguan to establish if metal billets 

could be measured to determine the residual 

stress by neutron diffraction.  

In late September senior staff travelled to Sin-

gapore for the annual MRO conference and 

exhibition which proved to be a particularly use-

ful and illuminating visit. 

Technical Staff from the China Aerospace Science and 
Technology Corporation visit the centre 

ASRC staff prepare to inspect an airframe at HAECO 

China Aircraft Leasing Company visit the Centre 

MTU Staff at the Centre with Dr. GUO 



Aircraft Damage Inspection and Assessment 

 
The project aims to provide a method of 
identifying lightning damage 
on the aircraft crown from a 
distance of around 30 meters 
and then to use a device to 
generate a volumetric image 
of a damaged area for onward 
transmission to the OEM. In 
the course of the project, 
alternative enhanced imaging 
has been used to try to detect 
lightning damage on fasteners 
by consideration of the 
chemical changes. 

 

NDI of fuel tank fasteners 

 
Within the wing fuel tanks 
there are a large number of 
fasteners which are covered 
with organic sealant. This 
project proposes to 
automatically remove the 
sealant and use advanced 
NDI end effectors on robots to 
check for cracks on or near 
the fastener holes. 
 

Automated Surface Preparation and 

Inspection 
Paint removal prior to inspection, repair or 
repainting is usually a time consuming and 
messy process involving unhealthy chemicals. 
We aim to use laser ablation to remove paint 
and other coatings with a real time inspection 
system integrated to avoid removal of base 
layers and damage to the substrate. An 
autonomous vehicle will also be developed to de
-paint and clean seat tracks in the cabin using a 
portable laser system and extractor. 

 

Optical Technology is an all pervasive 

enabling technology with wide ap-

plicability in a vast and disparate 

range of applications, yet it is often 

perceived as something of a óblack artô 

outside the realms of the main 

practitioners.  Here, Dr. River Guo 

looks at the basic principles that make 

optical technology so ubiquitous.  

Geometric Optics:- the interaction 
of light rays with reflective and 
refractive components is governed 
by the Snellôs law and the law of 
reflection. The refractive index is 
the ration of speed in vacuo to the 
speed of that wavelength in the 
medium (n=c/v).  
 
In general we find that light will 
always take the path which has the 
shortest transit time among compet-
ing paths. This reality gives rise to 
the laws of reflection (equal angle 
of incidence and reflection, copla-
nar with the surface normal) and 
refraction (n1sinɗ1 = n2sinɗ2).  
 
When we consider light rays that 
are rather close to the axis of 
symmetry (optical  axis) we can use 
the first order approximation of sinɗ 
å ɗ and this gives us paraxial optics 
from which all lens theory is de-
rived. If we consider órealô rays of 
light then we can expand this to the 
third order approximation. sinɗ å ɗ-
ɗ3/3!  
 
From this approximation we derive 
the primary monochromatic aberra-
tions that affect a lens or mirror 
system. These are spherical aber-
ration, astigmatism, coma, distor-
tion and field curvature. Also in all 
cases red light and blue light have 
different speeds and hence refrac-
tive indices in glass and this gives 
rise to chromatic aberration. 
 
With all this in mind and using the 
paraxial optics theorems, we can 
develop an understanding of image 
formation and simple optical instru-
ments such as magnifiers, tele-
scopes and microscopes. Expand-
ing these simple designs to real 
optical systems with useful aper-
tures and fields of view will inevita-
bly require the application of lens 
design software and a number of 
packages are available.  
 
Geometrical Optics can be used to 
develop the basics of image for-
mation in optical systems. Today, 

all of our optical 
equipment is 
based on this 
and designed 
using these 
principals on 
fast computer 
platforms. 

Automatic NDI and scarfing of compo-

site materials 

 
Automatic scarfing repair on a complex 3D 
surface is a challenging area of research. 
The ASRC have worked on this for a num-
ber of years and are at the position of hav-
ing a solution developed. 
A complex geometry glass fibre part is 
scanned to determine the shapes and sur-
face normal using a sensor mounted on a 
hexapod. (pictured below) Ultrasound in-
spection is automatically carried out and 
the operator selects the damaged area to 
be scarf repaired. The hexapod then 

moves the spindle in the cor-
rect path to effect the repair 
based on the complex math-
ematical algorithms devel-
oped in-house. 
Finally determination of the 
fibre direction is carried out 
by another sensor. 
 

Advanced Blade Dynamics  

 
Correct surface finishing of 
the blades and vanes in a jet 
engine is critical to the effi-
cient running of the engine 
over its service life. Further-
more the components, on 
return to the engine body, 
must be balanced correctly 
to minimize or nullify vibra-
tion and wear. 
The Centre will devise a 
method to balance the 
blades with relation to their 
mass and the second mo-
ment of area. In addition we 

will be looking at novel surface finishing 
methods to improve surface roughness. 
 

Cold Metal Spray Deposition 

 
Firing titanium powder at three times the 
speed of sound onto a target may sound 
like science fiction but cold metal spraying 
is very much science fact. The centre will 
be setting up such a system in the near 
future with a view to testing component 
repair technologies.  

Dr Guo is a Senior Research Fellow 
in the Materials, Data and Instru-
mentation stream of the ASRC. 

128 channel Hyperspectral imaging camera 

Blade inspection microscope on ABB 
robot 



 

Features of the Starrag Ecospeed F HT 1010 

* Highest volume of material removal of any ma-
chine centre 

* 8,000 cm3 / min material cut 

* Torque 83Nm, Power 120kW 

* Spindle speed 30,000 rpm 

* Working envelope of 1,600 x 1,600 x 670 mm3 

* Duel pallet loading system 

* Hexapod type spindle with integral Y, Z, C and B 
axis 

* Unique drive concept due to parallel kinematic 
machining head Sprint Z3 

* Flood coolant for temperature stability 

* No manual rework required due to high machin-
ing quality and outstanding surface quality  

* Rapid cutting of workpieces through full 5-axis 
machining and excellent acceleration in all axes 

* Acceleration of 1g in all axes  

The Starrag Ecospeed F HT is used in the ASRC 
for the rapid manufacture of aluminium parts for 
aircraft spars and components. The ASRC will be 
working with mainland companies to optimize 
machining parameters for their aircraft parts. 

 

The illustrious de Havilland Comet propelled aviation 
into the jet age whilst retaining the stylish glamour of 
earlier days. It®s sleek lines and minimalist features 
were at once aerodynamic and iconic. It retained 
these looks throughout its service life with the Comet 
Mk4 still in service with ­Dan Air® until 1981. It was 
used as a military transport by the RAF and often 
flew the Royal Family on overseas trips. Later it was 
the test bed for the UK airborne radar system³the Nimrod 
which remained in service until 2011.  
Sadly it is remembered also for its contribution to stress 
failure analysis. A number of early versions of the jetliner 
broke up in mid-air and the cause was determined to be 
stress failure at the square windows caused by repeated 
pressure cycles. This lead to a massive re-design of the 
airframe and the introduction of oval windows. 
American manufacturers such 
as Boeing and Douglas privately disclosed that if de Havil-
land had not experienced the Comet's pressurisation prob-
lems Ĝrst, it would have happened to them. 

ñThe Comet is a reminder of innovation and inge-
nuity, as well as risk and sacrifice. Its introduction 
was the start of a revolution in air transport that we 
can sometimes take for granted, and its mistakes 
the start of a safety-first culture in aviation that we 
could not function without.ò Richard Gale of ADS 
 
ñI donôt think it is too much to say that the world 
changed from the moment the Cometôs wheels left 
the ground.ò 
John ñcatôs eyesò Cunningham ð de Havilland 
Chief Test Pilot    
 

This photograph from the collections of the Imperial War Museums.  

Visit by HAECO Xiamen 
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